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TECHNOLOGICAL DEVELOPMENT OF 

THIN FILM SOLAR CELL WITH APPLIED NEW STRUCTURE 

( Development of a-Si / poly-Si Thin Film Hybrid Solar Cell)

Yoshihisa Tawada, Hideo Yamagishi, Masataka Kondo, Tadashi Yoshioka, Shinichiro Kurata, 

Katsuhiko Hayashi, Hitoshi Nishio, Takayuki Suzuki, Jun Takenaka, Toshiaki Sasai, Katsumasa 

Furunaga, Kazuya Wadano, Masaya Yamamoto, Takahiro Matsuda

Kenji Yamamoto, Akihiko Nakajima, Masashi Yoshimi, Yoshifiimi Okamoto, Toshinobu Nakata, 

Susumu Fukuda, Yoriko Tachibana, Yuko Tawada, Yohei Koi

PV Business Department, Electrical & Electronic Materials Division, KANEKA Corporation

Objectives

Developing high efficiency with low cost a-Si / poly-Si thin film hybrid solar cell.

2000 target: Stable Conversion Efficiency (25cm2): more than 14%

Work Program

This year's work program and results are summarized as follows.

(1) Developing the fabrication technology of uniform deposition of poly-Si by plasma CVD

(2) Applying to a novel cell structure for fabricating cost-effective high efficiency thin-film 

“hybrid solar cells’’ by combining a-Si with poly-Si unit solar cell.

Results: The average efficiency of 10% for poly-Si cell has been achieved for the substrate size 

of over 100x100 mm. The stabilized efficiency of our developed a-Si:H/poly-Si/poly-Si 3-stacked 

solar cell exhibits the efficiency of 12.0%.

Summary 

1. Up toFY 1997

Significant progress had been made in thin film polycrystalline Si solar cell on glass
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substrate fabricated by plasma chemical vapor deposition (CVD) at low temperature. The cell 

with a thickness of 2.0 pm, demonstrated an intrinsic efficiency of 10.7% (aperture 10.1%), the 

open circuit voltage of 0.539 V and the short current density of 25.8 mA/cm2 as independently 

confirmed by Japan Quality Assurance. The stabilized efficiency of our developed a-Si:H/poly- 

Si/poly-Si 3-stacked solar cell exhibited the efficiency of 11.5%.

2. For FY 1998

2.1 The performance of polv-Si solar cell with STAR structure

Fig. 1(a) shows the schematic view of our first generation of thin film poly-Si cell with 

"STAR Structure", which means that the cell structure and properties are well characterized by 

naturally surface texture and enhanced absorption with a back reflector. One of the characteris­

tics of this cell is its natural surface texture. An AFM image of the top surface of our poly-Si 

solar cell with STAR structure shows dendrite-like morphology with a surface roughness of the 

order of 0.12 pm for around 4 pm thick cell. Another characteristic of our thin film poly-Si is 

expressed by the columnar structure and strong (110) preferred orientation as determined by 

XRD.

Fig. 1 (b) shows the schematic view of our second generation of thin film poly-Si cell 

with "STAR Structure", where rough (textured) back reflector is used. This rough back reflector

(a) 1st generation
(Flat Back Reflector)

(b) 2nd generation 
(Textured Back Reflector 

with thinner poly-Si layer)

Fig. 1. Schematic view of our proposed thin film poly-Si solar cell with STAR (naturally Surface Texture 

and enhanced Absorption with back Reflector) structure, (a) first generation of poly-Si cell with flat back 

reflector, (b) second generation of poly-Si cell with rough back reflector for thinner cell
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is useful for thinner cell. Since the feature size of natural surface texture strongly depends on the 

thickness of the cell, it is not good enough to give the good light trapping for thinner cell such as 

1.5 pm. The 2.0 pm thick cell with this new "STAR Structure" demonstrated an intrinsic effi­

ciency of 10.7% (aperture 10.1%), the open circuit voltage (Voc) of 0.539 V and the short cur­

rent density (Jsc) of 25.8 mA/cm2 as independently confirmed by Japan Quality Assurance.

The uniform deposition is required towards the manufacturing of poly-Si solar cell. The 

uniformity of poly-Si cell wad investigated which was shown in Fig. 2. Fig. 2 (a) and (b) shows 

the contour map of efficiency for 5 x 5 mm segment (525 points) of poly-Si cell and efficiency 

distribution of these segment, respectively. Number in Fig. 2 (a) shows the efficiency. The cell 

separation was performed by laser scribing. The average efficiency of 10% for poly-Si cell has 

been achieved over the substrate size of 100x100 mm.

t i

E ■
E n

LO
GO H

Bpi
} f

-------- ►
100 mm Efficiency! %)

Fig. 2 (a) and (b) shows the contour map of efficiency for 5 x 5 mm segment (525 points) of poly-Si cell 

and efficiency distribution of these segment, respectively. Number in Fig. 2 (a) shows the efficiency. The 

cell separation was performed by laser scribing.

2.2 Light trapping of our STAR structure

We had been shown the excellent light trapping of our STAR structure. The cell having 

a higher sensitivity at long wavelength was developed.

The quantum efficiency curves of the 1.5 pm thick cells with flat and rough have been 

investigated and are shown in Fig. 3. Note that the Jsc of the cell with flat and rough surface
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calculated from these curves are 18.5 and 22.1 mA/cm2, respectively. The interference effect is 

still observed for 1.5 pm thick cell. So far it has not been established that the fabrication technol­

ogy for forming the excellent shape of the back reflector to disappear the interference effect 

completely for facilitating the light trapping. However by both optimizing the texture size of 

back reflector and increase the thickness up to the 2.1 pm, we have been reached to get the 

excellent the quantum efficiency curve, which is also shown in Fig. 3 as a new texture. There is 

no clear interference effect appeared. Note that the Jsc of the cell with this new texture calcu­

lated from this curve are 25.5 mA/cm2. This high quantum efficiency at long wavelength is well 

appreciable for the a-Si/poly-Si stacked cell.

Improved type texture

»Rough feature

Flat feature

Wavelength(nm)

Fig. 3 The quantum efficiency curves of the 2.1 pm thick cell with a new textured back reflector (de­

scribed by the new texture in this figure) together with the previous 1.5 pm thick cell of smooth and rough 

back reflector (the solid line and dotted line correspond to the rough and smooth back reflector, respec­

tively). There is no clear interference effect appeared. Note that the Jsc of the cell with this new texture 

calculated from this curve are 25.52 mA/cm2.

2.3 Temperature dependence and transport properties of polv-Si cell

Temperature coefficient data are also important for practical terrestrial applications ac­

cording to the expected cell efficiency at the operating temperatures. The cell temperature was 

determined by a thermocouple attached directly to the cell. Temperature variation during the I- 

V scan was less than ±0.2°C. The temperature dependence of two kinds of normalized cell 

performance and the temperature coefficients are shown in Fig. 4 together with the temperature

- 12



dependence of a typical single crystalline Si cell. A different temperature coefficient was ob­

served for poly-Si-1 (2pm) and poly-Si-2 (3.5pm), respectively. It is not clear that this is due to 

the thickness difference. Further systematic experiments will be needed.

1.05 f

1.00 -

Hybrid

u 0.90
poly-Sil

<=" 0.85 poly-Si2

Cell type Voc(V)
Hybrid

poly-Sil
-2.68e-3

0.515 -4.48e-3
-5.36e-3poly-Si2 0.483

0.70 tb

Temperature(°C)

Fig. 4 The temperature dependence of three kind of normalized cell performance together with the tem­

perature coefficients. The each thickness of poly-Si-1 and poly-Si-2 corresponds to 2.0 pm and 3.5 pm, 

respectively. Hybrid cell shown in this figure represents the a-Si/poly-Si two stack cell.

The SPY measurement reveals the behaviors of the minority carriers of the solar cell 

devices. Fig. 5 (a) shows the relationship between the SPY signals and the flux of excitation 

light for 1.5 pm thick poly-Si device. Our results exhibit that the surface condition is good 

enough for the SPY analysis without any passivation treatments, which was guaranteed by the 

fact that with increasing wavelengths of excitation light, the obtained SPY values decrease (Fig. 

5 (a)). The relationship between SPY value and photon flux excludes the diffusion length of 

minority carrier and surface recombination velocity. We estimated the diffusion length of thin 

film poly-Si in the low flux region, where the linear relationship exists between SPY values and 

the flux of light intensity. Fig. 5 (b) shows the analysis of diffusion length of poly-Si film. The 

both diffusion length and the surface recombination velocity were determined by the intercept
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and the slope from the linear extrapolation of inverse surface photovoltage / flux vs light pen­

etration depths for 660, 830, 890 and 980 nm at constant SPV value, respectively. The resulting 

diffusion length and the surface recombination velocity are 14 pm and 2xl04cm/s for 1.5 pm 

thick poly-Si, respectively. The obtained diffusion length is beyond the SPV detection limit 

(estimated diffusion length is longer than that of thickness). We believe that this linear relation­

ship has some physical meaning and that the obtained diffusion length is the effective diffusion 

length which includes the added effect of light trapping.

However, it should be said that the diffusion length is longer than that of the thickness. In 

another words, the low temperature poly-Si prepared by plasma CVD gives a device quality of 

poly-Si film, which is thought to be performed by both the hydrogen passivation during the 

deposition and inactivation of impurity due to the low temperature process.

Excitation light
-----660nm
— 830nm
......  898nm
-----979nm

Flux( xlO*3 photons/cm2sec)

Penetration depth(nm)

Fig. 5 (a) and (b) (a) The relationship between the SPV signals and the flux of excitation light for 1.5 pm- 

thick poly-Si cell. Note that SPV value is decreasing with increasing the excitation wavelength guaran­

teeing the reasonably good surface condition for the SPV analysis. The minority carrier diffusion length 

and surface recombination velocity was evaluated at the low flux region under existing the linear relation­

ship between SPV values and amount of incident flux (shown in solid-bar in this figure), (b) Each open 

circle correspond to the SPV values for the wavelength of 660, 830, 890 and 979 nm excitation, respec­

tively. The diffusion length was determined by the intercept from the linear extrapolation of inverse sur­

face photovoltage / flux vs light penetration depth at constant SPV value. The diffusion length of 14 pm 

and the surface recombination velocity of 2x104 cm/s was estimated.
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2.4 Polv-Si fabrication process issues

We are now going to develop the poly-Si and a-Si / poly-Si stacked monolithic 

solar-module sized 910 x 455 mm like the a-Si module which has already developed in our 

pilot-plant. There are several key factors for our thin film poly-Si cell to be cost effective and 

acceptable for large-scale terrestrial applications. Among them, process related key issues are : 

how to get (i) high growth rate, (ii) large area and uniform deposition at the same time. First 

concerning the deposition rate, we have reached the 6-10A/sec for getting the device quality of 

poly-Si film. Together with the effort of facilitating the light trapping for much thinner cell such 

as 1 jam thick poly-Si cell, the deposition rate will have to be increased up to 25-30 A/sec, which 

leads the reasonably high throughput of poly-Si cell. Second concerning the uniformity of cell 

efficiency, the average efficiency of 10% for poly-Si cell has been achieved over the substrate 

size of 100x100 mm as already shown in Fig. 2. We strongly believe that it is possible to fabri­

cate the module sized 910 x 455 mm with keeping the uniformity in future, since the fabrication 

of poly-Si is based on plasma CVD. This is our challenge to deposit the device quality of poly- 

Si in large area with both high deposition rate and good uniformity.

2.5 Application of a-Si / polv-Si hybrid solar cell

The advantage of a high Jsc for our poly-Si solar cell with STAR structure was applied to 

the stacked cell with the combination of a-Si cell. In applying the a-Si cell to the stacked cell we 

must pay attention to the stabilized efficiency, since a-Si has a photo-degradation, while a poly- 

Si cell is stable. We have prepared three stacked cell of a-Si:H / poly-Si / poly-Si (triple), which 

will be less degradation by using the thinner a-Si. We have investigated the stability of both a - 

Si:H / poly-Si (double) and a-Si:H / poly-Si / poly-Si (triple) cell. These devices were then 

subjected to indoor light soaking under AM 1.5, 100 mA/cm2,50°C, and open-circuit conditions. 

The triple cell showed a stabilized efficiency of 12% as shown in Fig. 6. Note that the high 

stabilized FF of 76.2% was obtained. Fig. 7 shows the change in the device efficiency during 

light soaking at above conditions which shows the very less photodegradation of our 3-stacked 

cell.
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Very interested result was obtained for the temperature dependence on cell performance 

of a-Si/poly-Si stacked cell, which is shown in Fig. 4. The resulting temperature coefficient of 

0.268% is as low as the a-Si cell, which is promising result towards the terrestrial application of 

stacked cell.

Future tasks

(1) Obtaining the higher Voc of poly-Si cell by developing the fabrication technology of the 

high quality of poly-Si film

(2) Developing an advanced plasma CVD process (e.g. plasma confinement technology) for 

large area deposition (over 30x40cm) with high deposition rate (more than 15 A/sec) of poly-Si 

film.

(3) Optimization of device structure as well as optical and structural design of a-Si:H / poly-Si 

hybrid solar cell, for increasing its stabilized efficiency.
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±o T X x * -r 4 Elf tc-fiE^pt 3 -y>; => > SB <n'0m ta t X x * -v Sit 4 <n
-k ;i/%# 12 4'^ 4 9 12 3 X) ^ L, fioxh^tM

Sv^EST-%6$6<)^*m 4 3 4 £PizLX # 3#B
tit7Xfi-M®Milrot„
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fcox), voci4t;PX)E#j#im4 41 l2#-^^l2@Tt3#ia]l2*3 c 4z)(^3. 3
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x. 3 4i3o
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a) 2.5 gm (JQA)

= I—V CURVE
IEC9B4-3 lcmZ(mp) LPSS

■ SIS

Jsc: 24.39 (mA/crrr) 
Voc: 0.510 (mV)

VOLTAGE CV) JQA

b) 2.0 gm (JQA)

= I-V CURVE
IEC904-3 1.199cm2(»p) LPSS

Jsc: 24.35 (mA/cm^) 
Voc: 0.539 (mV)

Eft IN: 10.7
ai a.

JQA

1212.2-4 -> V n J: 5
(a:2.5S b:25 ?□
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v>i„ $7b, 02.3-5l± |sj tt -b 7b<0 APM^MlH-fB * FFi5 i t/EfftO MH$ £ 7F L T v > £ 0 0 

2.3-4 ti2.3-5®Mi'?>, VoctJsc-f- LTFFX>-) bb-ot & AFM4MEIlC0§^iF£ §1* 

Tv^(OI±FFllX%-E> C 1:»?*77)^0 VociUscliAFM^-lfiiUtOfi^OCPjV'ST*^>S 

IfJWSrSritTV'^V'o

y 7 • /xOlBSSSTtOfctOSa

lot, 4* IS IBS i: Lxmv^7b-b7t/#E±(0-f f xf
ttli, 7bv-> LTtfcSi:2s»?j)^12$-9-LTv^v'C:b»?b^^t:0

(dh§!51:CiSXIi G3SI51El BOERS) -^±12^*7-6 ^Ei2 
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1.0

Improved type texture

Rough feature

0.2 - Flat feature

0.0 L

W a velength (nm)

112.3-6 ¥11$®$®,
iSEpoly-SHzVK *• «£=fc U)#bft/c 

h;u<7)J±^
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XXf--vKB$E£fflv'TfE$i LASE^-fallix V 3 =t C/^IIIKEt 3 x
^ t J: J: t)f#btLZ:-b;VtoSgx^^ h & & jrb#

IXm-fo 600nmti-±<7)?6fi®tiKt:?±B1-tUi', #eBBBv'j3>SI-C(7)|;WT$i:g 
H^^SSx^x h^dtgllTlW'L, i/-®)$c0#e^{Sfc[a]±LTV'-Bo 

(i, mmm^#^xco±m $ti-cgE-e& +5H-!S®ew-t 3#*s
BBB->'j lytmi&i-zztfr'BTfitizZotzztimix^'Zo ^-iMwmit-11). #

3$t*2<5T;e;i'7rXy'j3>-(:*^iA^b-t!-/:A-f7'j -y KS±l#S%coB

h A -t ;HCi§ L/X fii&SSE-OSx S T A RtSS-fc &^#3 C t rfX # /x 

2.4 iSE^ISfe -> V 3
*Hm?tk<7)iW%!)^-fbi7)ESj: LTtiv^vs&EXTlWf 3*1.3 »\ BrtcOiSj—ft

i^-ov'-cv^^-S-tcii, I # f 3 K, MtLT
> x & &

fforv><±T\ m
LTUffltt • eiEEfcBii-fZzAtcii,

tttOgv'EET'n-trX j£-T3. -fyX-rCW D&li4000cm2n± tco^c

@«^'yjL-;v<oi8iSKj3v>T%E7)$*io, 3>cAv^-c<)±mm%
-EE5r¥-X9lcS$ai"3(7)l-S<>WfiJ^EE7,n-bx-e*3h#x.e,ti3» 

-E-CT"7'7XvCVDS^fflv>-CSE##SBBB-> V 3>*BEL/cS^lcES-*5r<) 
^31-SHtLT, ftTOiiilitfifco 3*L3<ogX&$ij#f 3 C a:tcZ 

•), ±i#mm<oEa-w%^u. LTcottsgoiSLtkm-ess,
• Kfojrxomxmffi
■ RE »* x co S@&2 T- <7) it ft

•

• esscovfftt

• power3?$<Ol£j—#

c*i3<o%-#CMt>3gB, ecA-xmeSiO^-g^MRlf 3C a:t: Z D, 
l00mmX85mm##l*IX:B|-&±l%E#&#3 3 h *?X # tz„ 02.4-1 liSTA RffitS
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E#iaHr> ') 3 10OmmX85mm1iltrtT-C>O.25cm2cO/h

T-*^0 SE##Sa%'> V 3 >ESEi$6l±^ 2 5 9 a >/hour(0##mg?if
z0 zffymxmbfrZiiiz, <ox ±##-b;i/

LTV^x C t X:.

&&ffcitzmz±x'K.frit%^igmx$>z0 4-

@k I)x m»$##^15 c &#-e#

tzo z<ngjmzi>tt,z. 4>e«ose#i5bbb-> <) 3 y^wmnimzft-ofzami
^G^X^Zo

2.5 iEim^U-'^-ECOES
^Jti I) &$ f

l, v m->'i ?i-^-t

;H:ilL/-:S T ARffijS-b;v £#-£> 2: i:^T*SZjc S^x *"9X##±t:y9X-7C 

V Di£izx&mm L/-:$B£*Sbbb9 V 3 >±|S§mit!l (S T A RSit-t;u) C*V' 
Tx 100mmX85mmHiartT-^&^!0%@g<^-fcA'£:$—t-EB-f-£&«rS:$$3£L 

tZo

(1) Sb^ot®->v3

(2) »# - mm/ < 9 9 - 9 a f #ig:BK#r(o##^

Z3x if9aSE±I:I:iWv'RMf<Z)^S„
(3)

Sr^-XU L/Zx tt-ba $fi&o
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7"n-fcx"C'SlS$ ti-S Zztfx nx h iSa^-ftk

V"9 fe, a-Si<h!£HBMV ') 3 ><7)/<> K?-V7 -/WH&£-;b-£i±, ±!%%x^(

x h ^fccos^-6»^i.'Cii>a«i.usv'(,<oT% i), fea

v>0 z<r)in Cf&rix h • ■ iSffiE1±k^o£Si'if£Ki*‘x>-> 7

x, w####wgM:%wA^mE • S^E6-#SLT 

ii7k fe W"C£> & tf iJo

—H, 3f±"eii^Si:SJSpoiy-Si±FimiiW,^£ kkS^ilAT§£*£$, v- 

•V-7--V'7k-> V 3>%MEt:k x’xXvcvdSU <t -B1S
SiSEx’n-bx, j= J:CC$• l°]±5*-B7^*WSTARtSiiifixti

jsv^Tfe, m*fflk LTE.ffliTf^-yJ.-MMm# w£ $12: l T v> 
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4 7') v ;©ii

fta-Si/poly-Si-''-f 7') 7 KE*llltBW@$|i£1ti$#rlS%W—%k ft, h 7 7"-fc;V 

T*ab^a-Si-b7iz(7)igx»$-fb • MiSnmtZBftt Lftt&ft, jmc££-fk$i¥l6]± £ § 

tgLZz/N^T’v 7

3.2 a-Si-b;U(7)^-S)$E^I4

E't’WTKSE^-Wl^'y V 3 y fc*SW|S-S-yt«« (Si-

H^si-H2^t') km^s kvo ^

(«xli'300-400'C#S) TiFMLfta-SiEti:,
(Mxlf200'C#a) W#j: fe^ftv^A, ftEMU J: SEWftS9M4W&ttfe4-'ft 

v^k#x6K3. kSS*f#ET-S6E5it

Lffe, -E-K6W@^#E#14^$* «9 AeTftv^A 

f a-SiE6*W^.BSMKJ:-B$^6liiSv^zLr fe^T'/<-i'X!jf'|4k LTiSv'ttlE
WfeWliSl-t^bftftV', -E-coSSW^WJSrW-B k, p-i-nX-K-X h V- h

S-fi-wlt^-fi, iS99^S±lCpl ^ffMf-BEwSg^v' k 399$®6»wStc-^ 

w%mkv'o&. ttz, p@w*m-gw#&^f$-e#mLt 

k LTfe, -E-WEilJttPf5rSEt-BElCpSti J:y-p/iim^r&tiagKlSSti-BZ:*b, 
ztlibODfr&rf&TLX Li To -U<r>n-i-p777 h U-hE-b^WS^lix n@%# 
miciS£fiEJE-f*<7)t\ >mfwK&^Mkft3. Lti'U plisit/
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I-ViffttSr, i Z:03.2-2(±a-Si-b;Vtiti*/x"7 Z - ?-<97 t,Voc • F.F.OiJSfiSUliSK'ffi# 
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SSlSEn-i-pS-b;v cof.F.^&#5f3*sa: LT, ii^*'n>MiK-Zt3 

*9>^- K-b'^^IfLZZo

y 9 • /'9»S®pJi©t«>^a 03.2-312 i)I~, <9
*'n 9 >?- K - b" > f <9<r$E 12 i 3I-V#'14$• itE LT/Ff o ia-Si@(9^:E

S.® Ii350t3, Effli^'f il-ti300nm'Ci3o Z7 9 > 9 — K — b°> f ^rKsf ^ fc 12 i

t), VocZ#0.02V, F.F. f#j5%S$lnl±L, -b fl/iffti^efcS-e § 3 2: f'EET- § 

tZo UnlHb LTv'ZziJlf * 9 y 9 - K-b’V'f 12 «to-CK,aai2fio'v'Z:C 112 J:
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i: 12 J: 3 t #f 3tL3„ K-b"y frlgti i V'DSJ&Ef <9 K-b°y f *<9 fn 7 7 4* 

iv £ $Nffl 12 ftjg-fbf 3 C i: T*, $ 6l2-b;v#H5r|6)±$f3C j:f'T*#3 =Ttb1±(i)*

3 o

SiiMEa-Si-biviiXy&EytS®*1'® < , fi£ifc£®£ft<9-b;vJ: i) *>JscfJt®69® 

3Z:$b, ia-Sie<9E@£S< LT&^i±#f bZ»%#$ iv3« iZ:, E 
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' f — K — ~f tz L

^ □ > jj ^7 > $ — K — ~f

0 0.5 1
V [volt]

[13.2-3 ^ai-V##(Dj±8(o

a-Si@<7)J&E>£J£td:3506C, ES300nmo

n-i a-Si(350oC,200nm)-p/ITO

AMI.5 
Area: 0.25cm

Jsc: 15.3 mA/cm 
Voc: 0.862 V 
F.F.: 68.0 % 
Effi: 9.0 %

0 0.5 1
V [volt]

®3.2-4 j: V 6 fi /z^^En-i-pm-Sit Jl/(7)l-V#%o

350°C\ ES&200nmo
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g 6C. ttbtic
20Ba►), loonsia

-t;u (i@EW400nm) . ±> <fcUf350'Cj£JI-k>l' (ilEH200nm) ©*!?£■£-itfx L/2o * 

fbS£S£l±AM1.5. 100mA/cm2«07tSS#, figSOTX mi&ffl1&ViW.X3k1foltZo 
!±200'CS:E-t:iV(7)^7ii"iWv'7li, tot'75'20S$^W^Jt^¥'C(±it$5L-C350t:)tI]l-t 

A'CO^xiWiS < iotk'5, i@(7)^'|4[6]±l2ibDx.'CE@7)i"Jrfct(fi-)$v>2 fc &*g 

lot, *8#a») -b;vjf1±<7)7lc:$$t4

3.2-1 200°CfiKE-b;i/, 350°CtitE-b;U(DtMfl%lS, 20B#^*ib#%$.

4 6 Vic^-lbfs ^taXflro^SJtcoJtRo

i#mg 20B$R#fb#

200lCfiKfll 400nm 10.3% 8.2% 0.79
n-i-p"fe 71/

350‘CfiS;iI 200nm 9.0% 8.5% 0.94
n-i-p4r 71/
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3.3 a-Si/poly-Si/poly-Si/W 7 U -y

STARff jlSfllf-ISifl'> V 3 Z *) 0B/2A12
7^ ^ 7 7 X -> 'j 3 > -t )l-1 •< 7 'J 7 b'M-t:A'(0&sTt£fi'3 ?z0 t"C
t2BWJ$i'Ct2a-Si/po1y-Si 2 IxflSSA -f f ■; y K -t ;v t: T tfl)8M?Ml* 13.5% £,

$ Z:a-Si/poly-Si/po!y-Si 3m%@S!/^7'V y
S^ib#$ll.5% (#fC##7%) £f#Tv>B„ h •y7"a-Si-fe^WflIH^i?^t26T-7t 

9 > X $ fiB Z 7 1::%:+f B A: A, 3 < , #ffc

ii Wf1) <k &B»
;«3eiiHr;H:t$ BC^ft^SrPPSU'tBTzAU, ti.TAEi:l2$-dv>TI2

(1) h y Ta-Si-t:;l/COJEJi5:T*# B ZfltS < "f"B, a-SiE6 *
tz V'l^nSiWJlil^titi^B Bo
(2) a-Sit;i/-e±m%7!i#iimL^v^ 7, g-U-triK^JUIfcit/ 

CtU:i t), fRJg-b ;!/£#: A&-ffc, #l:F.F.A^{t:^#/J#l:PPBijf

B o
@3.3-112, -S'HH&ttL/.ZAI' 7'V y Kt ;l/(7)550#^±M#%AI-V##^, @3.3-2

-trA-ffiHiiicm2, #S-ir^A6'l4SESli 
Ztlfftl h y 7°a-SH:;l/7)?90nm. 5 KA- #-Sbb'> V 3 >tA-^1.5^ m, *' h A #■!§ 

a1r>V 3 >-b;vyii'3.5^ mT-abBo -£ftl£®5liAM1.5,100mA/cm2A5fcB?Jt, im%48°C, 
@$ss8c#t™i-e§ii61t^o f A^m@3.3-i-e^fm»), ^fbmm<7)^%fm#:i2.o
% j:V'7@v'-fi5r#72 (SttiiJ^) o rv -y K-b;VFFt)s76% t

®V'fi6£.ii#L-tjo i), 12/Jn5 v'-t ;i/-e* B 2 h »?t)'-o 7co
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9
0 100 200 300 400 500 600
Exposure Time (Hours)

.3-1 a-Si/poly-Si/poly-Si 3KflWBS/W 7 V v K-fe;u<7) 

*56<b6t#a<7)l-ViStto

i-------- 1-------- 1-------- 1-------- 1------
a-Si / poly-Si / poly-Si 

3-stacked cell

/
12.0% after 550 hours

, AMI.5, 100mW/cm2, 48°C
J______J______ I______ I______ I______ L

-
1 1 1 1 I 1 1 1 I 1 1 1 ■ 1 1 1 ■ II

a-Si/poly-Si/poly-Si 3-stacked Cell-
After 550 hour degradated

AMI.5
- Area: 1cm2 \

Jsc: 8.54 mA/cm2 \
Voc: 1.84 V \
F.F.: 76.2 % \ .

- Effi: 12.0 % \ -

0 0.5 1 1.5 2
V [volt]

(U3.3-2 a-Si/poly-Si/poly-Si 3 SWII/W 7 V "j K-tz;U(7)
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3.4 IS!m7kXf-5'&<T>W&.
TO7r^y'j3^ (a-Si) -kJl-t SE#-|£h® "> V 3 > (poly-Si) 

tz, /Wrv y KS-b;v f-v :Afe A-i: &

St/X h U-hHa-Siv>^-fcJW<X>KtttgfkiS#SSttft£H-&£*!>, 300tm±

<Z>£JtT-<Z>iSSJ$Jl-t: 6 2 t # Z:. $ 6 Ca-S i/poly-

Si/poly-Si 3MiS^'f7,,J -y K-b;vco^{fc%b$|6]±$-il6Z-»u, #&-fe;KZ>& 

ft isX Vffim*%LWLX'£itm*mWm\Lfz£W;, AMI.5ft £5508#Gm±M#tLZ: 

fc LT12.0% (@911 .Ocm2) £rftZr0

3&f»JiM£ ft-C'C, H:;v##t:7<V J:- v a >&±#^

L, 7 KS*Hmrt!l<7)@%$: g*gt
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14* v

9 B
$E^MaBB-> V 3 U—f-X 7 7 -f 7" 7"

n-txtll7’n-tx1 $^-7n-t:X(7)|aA-at)-ti:i: =t D WflfSii<7>M<!7»i¥Sg'C%

7.55%£iI/£L/.: (ig-fi-fe A'g|i£7.!%) o

4.1 $§ S

SE#-#Sbbb-> V 3 SS^ k: >*-;v=gv'li^ti)—53-^iU £ •'K

±i#m*t % 4t^ ^c ^

^/WgfF t5-t4%5» ££, ■t-yj.->mE^S<EIt74'r kli,

Z3tBt&a. SJE£ ®7:E4*^e-✓ jl-;hcjsv>ri±, * 

l^«?til i mmiti- & £ *U Ztnz a o T-SEcD^H-t: ;M;

-fe-ffccO^fgfFSrft/Ww:t £'*, -y JL - ;vEEt04£SS ft £ =T6g <h LTv^0

±m##E#-$&ay V 3 7±#%m0ty3.-Mkt:j3v^-r &, |B]«co*»tSi£<7)

IS/DlrXWSWitiH. ^-1, 3o^/N-7->4b7n

•tXJMLfco 7%S5rfflv>"C, TttE@(7)S-®, ±SBTES@

3>7n. mm3x h

a&tfi.t2>fztt>izit, /^-y^nt^O-SL K£7n-tx<7)-;|;{L 77-f> 

x h5431(7)

y 7 • /'7iis®fiiro*»$a
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v 7 ■ /\7*l$@Srt7)£»56

3 T%%@7)m$#x 7 9 4" 7\ TJtkl

SHSLTWy ') n>@5.(7'< Lm®l<7)fi'Ex 7 9 d- r&O^TitiiSg^G < LES 

i t:'^-»-C(0)3-||x ?7-f 7*S#r & $13:1" 4 I-Et)5"* 0 . ####^7 U 7 >Jf £•§■ 

7'V y K-t;t/-et±fiE#7)7^64/7 r X-> V 7 

< 6 <h#x. tbtL-B0

'kE'Cli, 9-f 7"7"nt7(:M o ■'fcfcln'CtiX

«f t-t (Dummik cma trowm* 6 „

4.2 -> V 3 U —tf- X 7 9 Y 7#M

4.2.1 mm^ih -> U a >±BS»76<7)TtfcESx 79<7 

#E4.irm% L*mpSSSM^BBB-> V 7 >*nnms«sjt2 6«®i"^Tteeg 

<0V-9-'-X7 9Y7^MMtIt£56;5fcL/.:o *"7x$s±ICIMLA-TiteEStil- 

LTU—f-X? 7-f 7‘/^9 — V (10mmX50mm) 5rffl1/ — 

■f-X7 9-1'7*£|y|U S-8IJ$ tL^TteSg®emailsLX 7 9 d" 

<7)SMj66t7)?+S-tc*§ T%E@^lx--f-X7 9 Y Xy<7->l:%v^*

tc«J|lf?1x*i:¥iJ»fL*, Lt^x 7 9 -f 7ia<7)FffiXStiA m### : x 7 9 Y 

XEF=mSt^lOMn> iSSnlMP: X7 9 -T T'iHfgHgtnl^lMn, S.V’iESZB.: x 7 9 

-f iMn tit,

@4.2.1-UZTti$@i7) V--Jf-X7 9 4,7'ZS<7)eEB§i|^^L7t:o U—f-ftigitt 
Nd : YAG (NECSSL 1 1 5) OSZilSPSSrfiffl L/-0 T*E@, *"9X$ 
fc 5.W-9-'-7fcXlf^|5l<7)Bg®lix ^--f-±:/Tm%@/*'9X*#/m^7) 

E<7)SE«r»3^^%fflL7t:o 7 *-*xf2:SiiT)ftEffi*}£«t1-£ t/— 

ftotu u—f-*AStol6H2$^^SKit^^|5]^+^|S]. u-9-*-Alt^[fi]
LT^Lt:„ U—!f-ttSZli0.45W^G0.90

W7)®HT\ 7 y--*Xf&g|j:-1.5mm^G3.5mm7)#0-e^l:$-t±, X 7 9 Y 7"g& 

i±25mm/s> $> Z> V'!i45mm/ s

— 49 —
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*4.2. 1-lUTitfe*® U-V'-XX 7 -i -fM* t'&b*ltz*? 7 4 7'E<7)#:%#1tt z 

Uf-e-OBSU-DV>r^LZ:o X 7 4" 7'EMX)E%#it

li. V--f-ttit)/7 * -»Xf5E<7)^fr*?0.45WZ2.5mm, 5.1/0.60 WZ 3.Omm T* 11 

tL-ctit). t) 7 * - A j: ij ^«5^Si±«n

Tv'iCitWoto ciUix^7-f7'l$60||lsc0jiv'i:j:5 &eoj:}IS5h-4o 

iuE£=ft J: i) &74-A xfi*Asit < * 4 MK'li. x X 7 -i t'EIIA5* §<$:**> 

oA#TT’inlttAMSTLtz 
& X)k#X. bti&o
04.2.1-2 lex X7417&ftt&btitzx X 7 4 L

ze„ i) i/-f- x x 7 4" ix—17 4 - A x

<o/<7 >xi:#K6#%-eAET& >). u--f-coS15Bf*S/e <0 X)&Al:%Mf 3

±E^lt*^-xfc LTTAfeS@X)#6Sx X 7 4” 7-X)*@$ i) teov-ciJ^< *

4.2.1-21IX X74- Z&ft fc COM® £ * Lfco SE^If-ex X 7 4 7Wi‘VtoT.ms&tt 
U--<f-ffiZ/7 4-AXf5aM*0.60W/3.0mm-Cii. SjfZX X 7 41 7‘

mA#%K6#j^i± 6 7 % (EH9 iMnm±x)#j^-) -e* i)#a.-c#& v^;i/T-i±&
A'oA:„ COEHliA'7XSE^ti. &&W±Tm%@<O#0/FAX)##h#x.6 

ti&o —77\ 7 4—AX,6igS’$^_hX)S^h LAx 0.60WZ—0.5mm%Z0.60WZ0 

mmC0^ffr-liB.fiL^XX7 4'Z#|(0SJ^'lil 0 0%'Cb-otZo Ltzi^X, XX 7 
4” T'StEX^ii • #S -f^x X 9 4' ZE<A>SS;#6(±

f&Tf-E, 6X)X)74-Axe&#±X)#Aa#k U T#$sie v-A-'-xX74'Z 

56A?ffM5n-BES<7)^ffT-BI't-E) ^ hA$*^iJT-*6C kA?55-A^7^„ e«i A l: 

&m-Takv,®w»m^m% u-—r-xx 7 41 e. t a*-c-§ £„

4.2.2 •3E^#Sal V V 3 >*^>6(7) -> 'J =1 >M X X 7 -f ?'

SE4.1T-E^ UenipEgES-sSSItry 'J n v V = >1<D

U-A-'-x XA4" Hfi& Ltz* Ttem@±teS® L 7e^#SBBB y 'J n y@

l:#LT. W-A-'-3tZ#^BBBv V n >@ZT%m@ZA'X x*#Z^AX)EmM# 

l:T, Nd I YAG (NECKS L 1 1 5) OSn^pzSSrffl^T U-f’-XX 7 4' 

ZSr^HLAro l/-A'-*AU0.20WA'60.60WX)#B-e. 7 4 - AXfigii-0.5mm 
A1 £> — 4.0mmX)SEffl"C^E'ft $ 4ir> EiSli30mm/ s t L Az0
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04.2.1-1 SBS®!/—y-^'77'r 7<7)ynizX«0Sll

X»547‘lftte (am)

105 115 140

(mm)

© mfljgtSS 1 OMO

o wn
#

04.2.1-2 K@^SU-1f-xe77'r7<D#S$
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$4.2.2-1 I2#*§hbb V ’) 3 7 4 ^#641^7X71 7®<0ti
IJclZov'T^ L/20 l/—I-*—tti;£)0.60WS:fflv V.z1j§-§\ 7 4- — * XiSg*1"—0.5mm^'

e>-2.5mm<7))2:v'Effl'e^#SBBB-> v n >ix? 9 1 r^-Bitg-c* •), i/—

/J'$ < &-B t2$£o-c£*£BBB-> V 3 Zgx X 717'co*nllEffli±E<

7t0 ££. ^ISbbbvV 3>gx^7-i'7'(7)#aiIli7*-»xeS7iiSiE±(7)S..5J: t) 
ii< %&izvt^rjz< zzmftimitzo xx7^7**gco««j|gg^ibb--tf-ai* 

***§ < , 7 4--* xd%#±##Aegc&V'KM4:|:&v'TU, T#m#±l:
U--f-x X 7 -f yE<7)®®»?@S5iLZ:=

Tifem@<7)fi1$l±s luln4.ic0nipS$E#-SBBB-> U 3 >*nm?6Sf*Siitctiv^ria
#-ISb^->V 3 7lxX7 4'7-eii, 1) x

xxizm&mmL. aca. 2)

<7)SfS£6®St2PPBiJU FPSIJ1--B -1*?SEi: & £ =
S-S.S.'t-B -> V 3 y x x 7 -i- T'Mtl&.avV.:1Z-»l2. 04.2.2-H2#L/2. *'7X$ 

®ZTS6eSZ#?-#SaBB7 V 3>i/ISM (vxxt2-C04.2.2-it2^1-4 ^ (2-y V 
3 7@XX7 4"ym±l:A#m@&#$$-^3, X X 7 1 7miEg?I0.5mnu ifeJSSB 
XHOmmX 10mm, %@Rl0mm) 7>fff i|r £: $1"-BS-K£f£Sc L.

S^#'l4S'pFiffi L/20 U — *f— ffilJli0.60W. 7 * — * XfiiSli —0.5mm*'b —3.0mm 

X)|BH'CE'ffc5-ti:> #Siil430mm/s t Lfco

$4.2.2-212#-#5bbb-> V 3 >JgX X 7 -f . ft»Lfc^giSWf K^gt,
#M£bbb vV 3>/§XX74- /2o 7 4--* xfigisf. .£(2j£v>jfe§£-.

$1x147 4- -* xei<0-6*s-0.5mmr-*-$>*§•□> %@l@X)j#W580k n < .
7 4--*x**&;R±<rc4S.64 i)&< iii:goTlTtJ2J;»o/;„ CKI40

4.2.2-212* L bbb ->U 3 71XX7 41 7'«E<7)-li®EESIS$ t ~WC l X t3 <0 ,
7 4- - *Xf&m*%%±X)#A|:aV)#^ 7 X 7 4 7*12 4 t)m

E5r5:tt, «SPa^X)ES5rti*LTv^/-»t#x.ibtL4o $1x14. V—f- 

ffi# : 0.60WZ7 4--»XfiiE : -2.0mmX)£ft IzEbtlZ 4 7 12. U--$-&#£ 
7 4--*XiA'7 >7 $■£.&£ 412 4 •) . 04.2.2-312^1-4 7 t2T:l6E8<7>fHS<7>& 

V'fi.E^^al’> V 3 7®XX 741
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4.2.3 -> V 3 77-T7

HU SR i L Z^nipSSEFSS -> '; 3 > it 2 «• »«-*- 6 <r>
U-+f-x;-7-f 7'co S' B 831 LT, S-ftaBB y M 3 > @ ± ic BbK L Z: & ® Ji

(#%@&R^l:7%) i:ltLtif,ix?7'f xvi”? - > SrfeSU. (04.2.3-1 CtfI" 
U5mmSOXX7-l'7'^,3'->'7)53'$-b^YfFSL) ,

#'64*-7'h lx—I),;m • IFfiLZio FFffiSmii. Mt: lili'SEZ: ^-i-

d-— K:ff'S$:Wi"4, -> -v > FjaK^j- : -B7 > h )$55'$rS'tr1 y -v >

HS53-: ->7> M£5b!>!9^7W;?R£1-£, 'J-x : SgSoS'-E^'BlL BfH : T
<D5&mt Ltza ix-v-xxxYyzcimuN 

d : YAG (NEC1SL 1 1 5) fflvV_-= l%—f-K^]U0.20W^6
0.60W<Z>ISB'C, 7 * — A XfiiBli —3.5mm7iP6 — 5.0mm COSEBk aSiSli50mm/ s —
75mm/s Wjlll t LZi„ v 'J 3 >@cO@*(i2.8^ m t3.8/i mWlSrfflV'Z;,,

y 7 • /'7fB$SST<7)7i«>S6
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4.3 Sii-ftxfiiRStgrt

@4.i-it7)3 d^EIgtT)7"n-fcX fc L"C, xx
') - >£Wl<D$:fo ’0 H7 4" -Y-tfy-T'-f x £~f\ *"xX

V'-CJS0^S@i: -> V 3 >m£M’0I%< &1$X\ > tTHfelgtOn xx
X hx'f X0 2fiS0x4'>*xXx4'7't-5>„ ^i:i7f>Xiffilty 'J 3 yflico

X'J-xxx'^tTo ^UTttS@h<7)3>xx b§Bi:< LSSSBOEE^Ro = f
T#%@ - vV 3>E • S0fl^@6®t)B<^#"e't;v^EcOni6Bxx7'f 7*

9o #%!:< ■fc^^Ex'f >^l±$A/2'IS(7)Tt&Egfc<7)3>X7 b
SBS-Sr7 4,-Y--eg-6-LT, ##t4/?)%%fa.

6^*X)X—f-xx 9 4" 7"^#i: LT, -b;v5)-E7'f x
ti*ist«3xxx bx-ix. • -> v3>e • iiBgss^E9ib<mm
xX9'i'7'<7>2fit)X>MM**£o -bA'fl-E • 3 xx X b x x x 4* 7*(iiiir<7)-!:;i/C>
5J"EX X X 4" 7*^ft:^r -?"X) i S^ftiiPower ! 0.5W, Focus 1 -5mm, #HiS !

1 OOmm/sec~C£>&a iiEf*X X X 41 7V)£ffi£ltilS7l&$4.3-l tC:^1"0 

■rtvb<7)£fftcj: lx XH-b;v£fF$il/.:» 5 4" x^^X)*«9-4' x'x>4>C, 1.2cm 

<7)-t ;i/t5j 3 6@T#6/<X-x^^v\ t 'Q [S]±0/4*ICJHT<9 J: -5 &}$!}£
1tx*0 IS5rEi"E> t'J)IlT-fgi #X@^

Eb^rj:tc*-7'b x-4x-^fflv'T^4-f- Kiffrfrzmml

S1\ TMW®:Z'<?--'syiX-tii1tL, y?X-xxX'& LW-fe^tJtRLT
Till©^’ ? - 3 X X^s t L t li, X- 

9-'- X X x 4" y-TT#%@£l£li L T'-?- X -x x X't £ *£ ix vX * X X' LT)£ 
ES-Itwx-x -x >x’t^^ftX) 2 31) i) N ^ti-e-bLco^S-eFfi^lTx^o f 

bi-e-tu7)#@ f OFli^SS^r@4.3-1 l-^i"o X--If-E<7)#@$ I) (i, 3 6 8
#J@gX)t;i/-ef4"f- b'#'l47i?-esrv^»i, < fclihAifX)

-t;i/T-V -X LUJot, V -XEHli < Ll®i:*4:ii!bi'oi,;0

y 7 • /\7ffi$ffi0T<7)£«>S6
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VO • /\OffiJE®i9f0>fc»$a

4.4

5 4 y SfchtcfE® L tzmm&£ik•> V 3 >B£- U—f-x ? 7 Y 7'(: Z 3 p 

JSfl-SfcESAg^fflWc< LmgffMU J: i) £ 3 6 ii^SIfFSt U 6@#:
7 - Y -T-*aYtLUiJSitttfz0 #(&-k^3 6@f. 2ffi<^-fe;K±'J-0, 6 

®<9-t;n±->+ > h-e*o^ (@4.4-1#®.) „ Sfii-t: ;k?) 2 STSJ^lc J: 3 WMs& 

t±, FFO?$iS-fb5iLTv^v>7t:»7.l%r-*<3 7t:„ SBE<0-fc;v<Z) 22gdLr!$12J: 3E 

Exb¥li$*r-7.55%-e*O Z: (@4.4-2#®) o Voc<7M&T£UfJscC9lI^&1g;TI±iE.3 

tL’fc^o/Co *mm<7)4:;i'(0^A(±2@»C#a L/:. < L^IM7,n-tXT->i’ 

> bEfl-^ii*L7):-t:;viiSE«iS5rSE1-3 3 kr-tr;vttl^ilS^T-*3 3i:

to

4.3-1 «W-b;uTJft*«*6»x75-r 7#M

laser scribe condition resistance between cells
Power focus speed MH m

0.4 +3 100 8/8
0.5 + 3 100 8/8
0.6 + 3 100 8/8
0.8 + 3 100 8/8
1.0 + 3 100 8/8
1.0 + 3 25 8/8
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(LED 1)

1

33 2 1

AgMM
(7000A)

i

25 4 7

(LED2)
1

25 9 2

u 4.4-1 6 issfitNufEsmitc-fc t
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SE#SSbbbvU ny*^mit!2<OS«(bX@i7)^ltSrfio7(:o U—V-X X 5 -f 7"f
D-txilfrn-tx, %i#yntxom*^t)-drt:Z

£.r ti'S-A'ot, 5't >^$iE^fflV'T^EL7(:61xSa-b;Hci5v>-CEE^7.55 

%£iSJ$LZ: (^e-t;u^7.l%) 0 i), t
^r-tf ^'s Zm.MitLF F i&)±Z*tZ-SL-mi{$)2> Z itz, £«-b;V-

ffMT’n-trxizjsv'T, ±g|$<

*sse-tiztizit)mmmmti^t^^-otzo -e-E*

$**&* =
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L"C-5.36XiO"37ii1#fr.ti/-:o 7%

> Kf f 7 yli 1.074evtjaBB'/ V 3 y<n/^y Kf v 7 ^uaevicSvi-fg^^L^o 9 
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HiJ-r'- ^ 5r^-XlCSE#-#SBBB-> V 3 y^^Srfel^^L-C, SPV (Surface Photo 

Voltage) &l:Z6##^mm-e#6z)4:cv^-c^EL^o A#7kgAm^SPvm?(7)M

#i±EET-E5tL. SPVfS^luil^ffSrST):LZ-Zo ifSX>mif-:£%t'W.Ltz-t )HzMt 
3SJ^^^SPVfl-^-li^EC&A<OX/J>tc&k$K. SPV@-f*^t

3 c AnATspv#-#-i:i±n, pscof&m&ft
om^\ &K*$fi, &±<o

V 3 6SPV##l±#-%-e*&c bi>*fr1>'otzQ
55-^i-j Avici >)nl, ®.yip@W^M«rffF«L/w#S*, void*#ELZ:EMA^Ef 

^5ri$X-t-5C k"C)E<7)E®5r J: <IRf£IT-§/c= iXfittingeO^*^, nlo^i 

t) MS-ffc LX^ZZt tffrfr-o Xo

ffo^o (SftSjfc$4 : 3) <7)|W|EK<7)/h^fl-M-5rfflvrr, S146<J&ffW

fr x. 4 c: t tft> fr O Xo &$£ fc V U 3 v SHC7) f| C jf X £ fit V' * ^JiSK<7) T 5 X 

f f-mcz % , Rt)<7)e$7)$X§ <S5S5rSttrv^nJ6g'67)i/Txi$$fLZco $/c, 

HS«<7)S$®«ic i o T t±, »UE*A{Rt) * t)

tZo

5.1 It 5

se#sbbb-> u 3 y*®m?iii<7)$fflit®.yfiSDDa$itictiv>T,

kbzm.*<r>wmmi*nsLi.x^<-e-s^-b, *r§

spvsw, t- v L-mm

CltltLXo fiSSttliX-ssl-^Elt^SEiS-g-A4 V imfetzm-MWt&m
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•s0 ysuamusso-c®

^ smm#&sts^?*s=

aimssivv n>±^m?tkwsjt#tti4.

Ht^So 4-la, nipg(oam#-0^vv 3 >±Bmmc-ov^-cam##&jQAt:-c;m

StLfco @5.2-1 l49JJ£OEUfflWzsmxT-v5r^Lrv>40 Xf-vlCitfiS* 

SSr^t^-itSSfcCioT, ^4iaESrEx.rv>60 n y ? icjtjgEI)

#itstL, KK^4L4:#%-ei:ij^%m$KSo @5.2- 

2l4il®a$$-20‘C4^65‘Ci"eE-fl:5-<jr/2j: S^I-VA-r^r^LTV'^o I-Vfs — ~f 
frhrtubtzf;mama, mmmm, E^mcro LT<7)SE#tii4@5.2-3

TBL/:o -5-tl-?'tL. 6.88XI0< -4.12X10-3, -2.10X10"3, -5.36X 10-3C0S®®g>:fl'C

h-itzo 7<v±^mm<n&fe&$it5%<Dmm<r>mmx’-%.
L tZo @5.2-414£ * L T v ,£, „ #644f:)tr*(7)^>tl4^miO 

###/<> K4> 7 -/Eg/qU^E. LT45 »). 'fyXfrb'BMk S4l/2ffll.074eVI4|SBBa 
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Temperature 20 - 65 °C

Thermo couple 
l-V measurement 

connetctor terminal

water in

Schematic diagram of the temperature control stage 
to measure the thermal properties of thin film poly-Si solar cell

n 5.2-1 -> v ^ * x - v

Temperature(°C) 
----- 20

0.0 0.1 0.2 0.3 0.4 0.5 0.6

V(volt)

El 5.2-2 V 3
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Temperature(°C)
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5.3 SPViSlc J: 5 v V a

5.3.1 # S

SSI^Hsa-> U 3>*r#s?liici#ti;5r|6]±5-ti-5ic!i,

£>Z±ffl 4--S.O #!:/<> KSSSoMEISTiM'5

ictivTti, —sawltz^t^it
4"V U 75r4Ei"-E>mri:-b^<7)$E, <> L < !±KB^‘b^sBUj$if4-v'J: 3 t:, -fc/u 

l*lSC>Sxfi fit) ^*$65^5 <i-3t )VfgS*?$» btiZo 

SQAT-triKOrta5i£v'i ZA"C'4.l$LA7fe*-f V T^Sa^e^Vg-B-^EcoAFlBiS 

(5Ufl$5tL-B ch&< 0 K t C t 3. #UiSIBL:£o±limiti’li
#EoB#e±# <§tt-BZ:*X t;i/0#E##&imi:%@f 3C &

*?) O

BWi-eot&EbS^i: LT, SflI^ISBBH-> V 3>AllE!tiitO;9-7fc!Sg;t.^? Mufc 
AUSitil 1 'ATESciaitS7,D^9ApciD*^It*:LZ:X^^ HvcoJtRU j: i). iWE 
#-Sbbb->V n >±l*%#0:%blc!g%x^? MHi, 05.3.Mt-^-tJ: 7 i:E®;S$: 7 
Unu 7lc(7)$El*!gBEM$5r 7 0 % kKSL A^r-'JUT-EBgSiL^ C k L/-= CO

v 3 c&A#me#f3 c a ctni, %%
ttffrfr-otZo

Internal reflectance

— 0
O Experimental

Wavelength (nm)

H5.3.1-1 u □
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10

Penetration depth(|im)

[215.3.2-1 SPV^Pyh



H5.3.2-2 V H (1)

40 35 30

H5.3.2-3 >WE^3Sa%'>U=i>*^1876(7)ffi|j[#a-:fi (2)
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O 976

A 822
▲ 778

> 40

1.5X10

photon flux(/cm2)

05.3.3-1 S P V|f-§-(7)A

E5.3.3-1 S P Vfi#£ i£]fi£1U LtctZ OffiBBISa

$S(nm) 0^-20mV 0~60mV lOOmV

976 0.999 0.999 —

902 0.996 0.998 —

822 0.997 0.998 0.986
778 0.998 0.998 0.985
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